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Abstract 




A semiconductor laser element includes, on a substrate, at least a first conductive type first clad layer, an active layer, a second conductive 
type second ciad layer, a current block layer having a stripe-shaped deficient portion extending in a direction of a resonator, a second 
conductive type third clad layer buried in the stripe-shaped deficient portion of the current block layer and a second conductive type protection 
layer provided on the third clad layer. The active layer includes at least a window region adjacent to its one end surface and an internal region 
having a quantum well structure, and a portion opposite to the internal region is irradiated with an ionized atom from a surface of a layer 
arranged on the second conductive type second clad layer side and thereafter subjected to heat treatment to form the window region. A peak 
wavelength lambdw of photoluminescence from the window region of the active layer has a relation of: lambdw<=lambdi-5 nm with respect to a 
peak wavelength lambdi of photoluminescence from the internal region of the active layer, and a half-width of the photoluminescence from the 
window region is narrower than a half-width of the photoluminescence from the internal region 
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B&2 0 a* mWeittttABSJhS 1 1 5 Lfc^Nifru- 
[0 0 6 0] &ffi*£<D*£/WH&l 0 nm^m^i^t, 

fHnmmz&A£tift*vVT (*-^£fci±m^) ^ 

^roft^LwIJlO/jmyiSO 
//m^T*5ii^T*fc5. J:0»SL<liLw5:2 O^m 

[00 6 1] miro3USro^ffiii.t5#«ft:u— »f^^ 
0>Kii;*-feK;*5V>T\ lHJ@CDMOCVDfi£ft^<^^ai 
^-4-7th^^yty^ (PL) &(craiJS-Lfc 

lili7 7 5 nmffcofc. r " Id, P L&WS'l^l- =t 



(7) 

7.2 

Ar U— tf#£.«UftU ett«4»P>*fei-5*3t5ftflt<0 

[0 0 6 2|ftl:, 02 (d) iC^tRTAiO^xA 
^m^ffilOTfeS S i O zl M 12 1 ig.T<om. 
Html 1 3 i plG a A > ftll 1 0 7 ITOrt»«* 

1 1 4i:o^t, PLftjcraij^L-Tt,, i<Dm^ mm 

i$ 1 13©7t l-/K^ytV7©f-^S5Ufl7 
io 4 5nm, rtM^tl 1 4(07* h^i^ftV^Wt 
-^fcft* i (±7 7 5 nm"?fc*) t Sftifi 1 1 3(OfcT- 
?&&Z.vr<D%1)lf*iUfai$l 1 4 Of-* Kg A i ±ip 
t 3 0 nmSStSiW^&g^^ h LT^fe. ffitt 
®<DrtgB&# 114 ©i&ftte, 1 (ell <DfiEftf(D >7 = 
(02 (a) ) IC*3Ct5fiH4S<Dtr-^ftStRC 
7 7 5 nmT-fccfc„ 7^- h/W S ^ -ytr h°— ^ ® 

ftoT, &H£J*D&««£l 1 3 0*iSflHSi©rt 

20 ^c?H"CV>5o 

[0 0 6 3] — Sg&Jfcl 1 3©7t h^^^-^-feV 
^.CD^ffi*g(±rtSBffl«cl 1 4C7* h/t-5^-^-fe>^(0 
<fc *)Jfe< ftofc. w014lWgS«(H4'N(7) 
G a ffi?L<Oi£»^K±*iX*:C t \Ci. 0 , SB 2 * *7 y K 

(I IKJ^tF) -CfciZntfrtSMMEl 1 4 ICteffc L-7S 

w t <t 5 1 <r> t htit> 0 
[0 0 6 4] z<dxo\z. *&w<n$zi<Dnm<Dmmiz 

30 mir^mW^-^M^Kis^X, f&2? 7 y VM l 0 
4ffiiJ{CiEtS;$tl.7t«-C , fc5p©Ga As^Slgl 0 7{ffl 
<Z>^^^-*ffi(r, 'T^-XkSiXfcig^l 2 2<7?M#t 

w^A. i-5nm, ^5Bi«Sr^7-cLTV^5^t^ 

So 

[00 6 5] ^m*Sl 1 3<D7* h/US^^ir> 

40 ^<0¥-ffiifBlil*9«6ffi«cl 1 4<Dy* \~/\s%*~y±^*(D 

[0 0 6 6] BP*,, rt»***C*H*l1-5JII2*5y KJi 

ltL7c:^i:lCJ;>9, ^ffiicffM^^fc^Jfel-G a S?L 
h5yraFixTrt»fl*^«5GBa?L©ldtlitSrWih-C 

so umxmz x z> z n tef&SHc ± 5 »T-#F<Dte^(t& 
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[0 0 6 7] *»Mo3ll(S©?»»KH1-5^ilWt: 
EUtlfctiIt?fc5plGaAsffi»110 7 0* 

>B8»«rffottJ:^U ifc, 2 ««£! cofg 3 * 9 

[0 0 6 8] KOri^e,, *3BW©»3i*ife«:fflv^fc 

i£*&T*l4, ft 1 IeIl<Oj5M^ic^»rtlffrartS|SlH* 

[0 0 6 9] *»W©«iS*fet?f4, #£4§0l*l8Effll£ 

A.s«»S 1 0 7*Stc-r^->-{k^^fcS^^fl8Wi-5 
ZblZ&Q, pSGaA S «lIl0 7«§|;W 
fc*Sfi*»#£*£jit&;h.S. COfe*A»*RTAt 

QILZffim Lt> nSGaAsSSlOl *f6]»C 

[0 0 7 0] ^Wt^ftfcJl^-liS i O zl Il 2 1 \Z 
tfi8l***tSi*, S i Ozi^^ililLT-?: 

«T©pIGaAsSlll 0 7 IciiJjgL&^J; 5 K-T 

[0 0 7 1] Witt » S i O zl BtO«**« 1 /i m(DB#, 
0 0 e V£-f*Uf, S i O zl WSr 

OOeVroi^ liiA/m^TCD'f ^riSS i O zl ffi 

[0 0 7 2] rixib©^*, S i O z iKl 2 liSTOp 
iGaAsSiil 0 7©*B,^tttt*>cMliS±C*V^ 
RTAICJ:*), S i O z iffil 2 1 *(CG aH^jJS 
®±*f<bJt, plG a A s&mm 1 0 7rt«BiC±j£$iX 
fcGa^TLli-r^TnSGaAsS^l 0 1 ^iSjJCtttfc 
LT^#, &tt««r«ffc#fc1-S£>-? % S i O zl Kl 2 

1 1 3 #l*fi£ 
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[0073] ±.%z<v*%w<vmmj>mz±^x'&t } fttz 

BJW^frU— IfKI^-CIl, ffl^CWl 2 0mWC > 
StftJ4!9:£i§«J<£>Si«fiift7 8 5nm*s#f,ixfc 0 £ P> 
01 3 testis £5 #ffl£U&£7 0lC, 3tm 
*CW12 0mWf5, 0 0 0l#ra&Lh5fcjeiC«=»L, 

[00 7 4] *8WOiMHt:k- tf*-7-i±*K»rt«|50 

[00 7 5] *&W<D?& 1 ©*16<D»ttfcB8-t-5i|tJ»fl: 
U'— tfjR^-Ctt. #SE8ft AO plGaAs 1 0 

7»CAr>i*:*->'©J!Blt«rffofcji*, &3t (o) 

(N) -r^VcDi^-fiT,^— oXI4^icO-r^-VOflg 

[0 0 7 6] *«n0£io?tttro^ttfcH1-<5¥*{t 

lOOOeVi bfc„ *V ai*/!^— tf>ffi{4 
3 0 0 0 e VJ^T^i < , if * L< 14, 5O0eV« 
_h, 1 5 0 0 e VCfc •? , * tfS 3 0 0 0 

30 e Vi t) t>*# < -T:*Wfc£;h,fc]j§m4S i o 

zlfll 12 1 Sriiig LT> t©T© piGaAs {fcafJl 1 

o 7iw£-c-fijitu «»s*®^f B ^pfes:^fife-r5. 

^©M*, RTAfS iO zl RitTWGaAs§ii(D 
GaU^S i O zl IK»-KlR$nTG a2?LdS^fiE$ 

40 [0 0 7 7] m 1 <0*JfecO^TI4. -<*>mtt 

mmt L.TW^f>'^>S:^LfcS-&IColNT^'<7t 0 

w cne><7>^g-^(4-r^->-3i^/u^— irsa.it-rs-r^- 



& m 2002-94 1 79 (P2002-94 1 79A) 



15 

10 0 7 8] -f*>T5/^ h$*££B. 

SEE*? 12:^ * vflMt t R«(M!l©«lS*H C^fiT'Siife 

-^CVDgtt, ^^gfi. y^XY/y^t-^ 
SlWK:*B5©«ite» 3 £ k jWC# 5 t V^fdjft 

[0 0 7 9] £7t. mi^JS(D^lilC*5tt5#SS§ag 

#-f-5K* s »iit?*)5. s i &isii-tz>mi±%Mim<DR 

TA'p{Z'?^—&m<DG a <»lRU # 

[00 8 0] g 1 05*K6©»li-Ctt, #ig3SJSBi56l© 
* ^ ^-^EiCffM L fc&«frffilic fi, s i O x I^S 

iO y N, (x, yiilE<Dmm ^(Co^Tfc, 

[00 8 1] ifc, % 1 © jUS<Dj^lffi-eii % S8k«iaftt 
LT, RTA&Srffl^Tfc'J, 100WC8 00t 

£t±©isJE*-e#M&u ioo»fii^LT, 

(RTA) tC±t>, *SS*ffii£filcO«tt^^GaJl 

^-*«»« s *vc£* $ hit n&m&m \zta*. l *?-r < 

[008 2] fg 1 ©^©ffimT'li, #«S§a&ffiifi&& 

lc8«*BI£: ^xA-Sii ©»5MMft©jtvM£ J: 0 Bt 
lianas £C-W-< ^©fcibK, V^^-^WX 

'>LTagffij£fi£©fiH4/g©,'<> K*ty^**<*'>4< 
ft5„ *©fc»&K. *ffi*fl:aJ**LT(t«Ht*s«Ti- 

s. 

[0083] mi (ommmmx-it. 



(9) 

£©£•«-# 4 o n m«TTilfj&£*x-C^5*§-£-, ^ixJ: 
©ffit£S~©£?L©«:l&i::J;t5, SttJi©***©'*!' 

[0 08 4] ^i (Dmmvj&mx'it, g a a s 

a m+itWBL £*U ±f& LTbG a £?LliA lGaAs"f 
Id, AlGaAsSri^fci-^CIi, ^Slit^rffiiciS 

[0085] mi <Dmm<r>temx'tt. ^m^m<o^tta 

20 as, tna^-C, #SSfffiffi©K*ffl!l«8ffifc:©*&ffi« 
[0 08 6] m l ©3tti©7MiTtt» AjKttttBSi&flHK 

*so y h?-<zf±iz. m i *ms©*»ft&Ai»jt 

30 S;i s fc5o 

[0 0 8 7] [Jttt«l] JtlSE^Jl t LT, &m&t*)U 
ffl$.<0 piGaAs 10 7 flfl© ^ rc^-^BJC^ 

*^Ri«rt-Sia (B2 (c) ) ^*BSLT, RTASr 
ffofc^ai^— PLSl:ttI«l 13irt 
SBStigl 1 4CDPLcDe-^ft*$raiJ^Ufc„ ^rcojfe 

«113roPLroif-^if))S7 4 5nm > (*9 
SCSS^l 1 4<7>PLCDlf— ^Kft/iW 6 0 nm-Cfco 
fc. SS1g#l 1 3CT5PLK*f±, F*9S50«1 1 4 ©PL 
iffifti «? t. 1 5 nmL*»S«?*HatrjKft->7 b tTfcf, 

SiifiLfc^frU— ^Hf^-eH, *ttJ7JCW12 0mW 
X'mi£&-5:7 8 5 nm»C*J"L-C, ^fiSiftiS 7 7 0 n m 

1 4\Z7sk-f£ 51-, #ffl^?a*7 0 , C, 3tffl7JCWl 2 

omw»c*3^T5 o otif&msLvWiftmmii8±-rz>m 

*£<t&n.bixtLo w©i5lc, Jtttffl 2 co u— tf 
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is (t 5 RiRjc J: 5 HJt&^OffiT £ ffittJf fc£A * ft fc 

[0088] [» 2 <r>mm<omm 0 3 1±. 

$rffi0-C-fc£ o 0 3{c*5v>-c, 0 3 (a) ttjtettiJtiHE 

£^trl4&0. S3 (b) Ii03 (a) Ola-I al 

iz&\-tzmm&<o®rwm. 13 (c) ii@3 (a) ©i 

b-I b*tcJ3lti««*lRl<0WffiH-c*>5. 

[0 0 8 9] 20 1IJnSGaAsIfi, 20 2 

IJnlAl,2Gai- j2 As ( x 2 Ji 0 <fc 9 A, 1 «T) 
Jffl*7?KJI. 2 0 3l^y7lM^x/Hi}SXi 
^«S$ftfc#fifi^#F«jg*3t^ KST-^T-t 
S^Si^F&ttS (MQW&teS) . 2 0 4J4p^ 
A 1 x2 G a i- x 2A sf2^7? KJf , 2 0 5 11 p SG a 
AsxyfV^bm 2 0 6 «*SS^|pltC y y 
v 5 * h7^:77i>?>ft-5pSA 1 x 2G ai - x 2Asfi3^7 
3/ KS, 2 0 7liplGaAs«iI, 2 0 8l±y yi^ 
* h7^^5)45plA 1 x2 G a !- x2 A s 35 3 * 7 y 
YM2 0 6St;pSGaAsSll2 0 7 ©{H!|ffi&tlit> 
iitf*JC»Bfc5ftfcnSA 1 y2 G a !- y2 A s «jft|&Jhl| 

(y 2(i0K±. 1KT) , 20 9liplGaAs¥a 
itm. 2 10lipSGaAs3y^^H > 21 Hip 
WtC, 2 1 2»4n««l"C*>3. 2 1314^ 

»«8iBiSflF©MQWJS&ttJi©y<>' K=¥+ y/i^Srt 
SBOMQWffittJl 2 0 3 K=¥^r s» 7° i 0 At V^ 

2 1 4 HffittSrortSS««E, 2 1 5liplG a 
A s tfcilJB 2 0 7Jht;r^/££ftfcnSA 1 y2 G a i- y2 A 
s mifE&Ateitg, 2 16lipSAl x2 Ga !_ x2 A s $g 
3^7?KI2 0 6 tplGaAsSSl2 0 7*»6><C 
5>y r^h7'(7 , -C , $)5. 

[0 0 9 0] &fC. S8ig*jSfe^oV>-C0 4tC«<5l^Tift 
Wi"*. nIGaAsSffi2 0 1±l:, lBB<£>**a& 
JS^tB/S* (MOCVD) SlCTnSA 1 x2 G a i- x2 A 
s!l^7yKl2 02, y > K-7°MQWSttS 2 0 
3, p SA 1 x2 G a i- x2 A sl2?7y Kg 2 0 4, p 
Sxyf^h;,7"i2 0 5, plAl x2 Gai- x2 A 
513^77^2 06, pSGaAsftfl207 

3 (04 (a) ) o 

[0 0 9 1] *SH*ffii£^*Sro plGaAs 

»Sg2 0 7©*EIC, ^/<7?Si7*H)y^77 

40 n mcox h 7* /ftcsstfrisi-efcs s i O z2 Jg 

(z 2ll2i5^W^, 0. 5 /im) 2 2 1 ^it 
i-5„ ±lc»*$ft5^ h5-f 7^R«5» 

«#&2 2 1 Of s/^fi#g$gfitf>B&2fflF<D 1 6 00^ 
mi Lfc (04 (b) ) . 
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[0 0 9 2] *SS^Si5^«OpSG a A s 

S20 7(iij*sic, -r*wb$ftfc«*wjsi* (-r^-> 
BBtt) 2 2 24-tT9„ %s2<Dnmmmx'i-i. &m 

(O) --f;t>£:fflV\ Yt>§Wi^-U50 0 e 

/BV^fc (12 4 (c) ) . 
[0 0 9 3] *ig3Sffiffiifi&gl*£cD^mtt:IBI 221©* 

Bt, *fi3frt8BSMfcro>f *->-flg*t£ftfcpMG a A s 

ifcSg2 0 7©*ffi»Cfi, Y^JiMttK ^MtV7 
io hH#fe|^J; U S i O z3 l2 2 3 ( z 3 14 2 ififil© 

Hffc, J?£0. 2 M m) 5 (04 (d) ) . 

[00 94] RC, RTAJSfeJdiSjRftiaiCioT, S 
i O z2 ^2 2 1 ttTcDMQWfiHtg©^ K=¥-f ^7*s 

3 0#ttfij)>t5fi«9 3 Ot^tMJ-t, 9 3 0*0 

1 3 tl*lS5ffi«2 1 4*s*««*|6lfcJBrii$ft*i (04 

(e) ) . 

20 [0 0 9 5] p SG a A s {SSg 20 7 ©Affile 

MLfcM*R2 2U2 2 3 *rlfc*U ^%<D~7 ir 

v y y^yy^-i^m^mv^xpMG a As{*sg2 o 

7lt [0 11] ^fotcfaUtfc* l-7^71*;©w^ V- 
^^ 2 2 4«U ii*W^-y^>-i/gW4rffiV^ 
t\ piiyfy^ h77'i2 0 5 fcSHgi"$ J: 5 
plGaAsftl!2 0 7 t plA 1 x2 G a i- x2 A s % 
3?7^h*i2 0 6iS: [011] XmiZfaXfti 2 n mffi 
CD* h^-YTlfcCDy y*J2 1 6t^nxi-5> (04 

(f ) ) „ 

30 [0 0 9 6] p W.G a A s 20 7 _k\ZM& 

^ftfc* l-7'f7 , tt©W^ 2 2 4 £6fc*U 

2(Hlg©MOCVDtelC < toT, plGaAs§fi2 
0 7 t plA 1 x2 Ga !_ x2 A s^3^ 7? Kg 2 0 6 

y 5/i^2 1 6©{BJffiSrnSA 1 y2 G a i- y2 A s * 
$m.±M 208tpiGaAs mtM 2 0 9 T'ffi^ii 
tf (0 4 (g) ) . 

[0 0 9 7] M©7tH)y^77-f-SMffi^ 
t\ y y ^2 1 6<D{B|ffi|^^fiE$^jt P SG a A s 

0 y -y v>2 1 6 ±{C®fi£^iX7t p MG 

« a A s ¥£fUl 2 0 9 ±©*S*Sgffi*»P> 60ji m©«S 
HJCUv?* b^;** 2 2 5£ffMU I^x^f-y^ 
ftW^rffiVT, u-^^ h^x^ 2 2 5HflPgB©n§jA i 
G a A s mMmjtm 2 08tplGaAs 2 0 

9 £3tKWK|Sfc*i-3 (04 (h) ) . 
[0 0 9 8] pSGaAs¥fi<kJi2 0 9±JC»riL*ft 
fcUi/7>h-7^^ 2 2 5?:iiL, 3H|(DMOCVD 
£T-plGaA S 3y?^H2 10§Mt5 t *g 

§§ffiffiia^»c(iy 7-^h7'f72i 6 <d±^cmm 

itm 2 0 8 iP^iCfigS^^xfcn^A 1 y2 G a i- y2 A s 
so ttat£A&5ltJl 2 1 5t>Wrft£HZ> (04 ( i) ) . 
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[0 0 9 9] MIC, ±ffil:lip«l2 11, TffiKtt 
nl!2 1 

[0100] *<D'&> 60{i m<m<Dmffi.&XP5±m 2 1 

ros*t**si 2%lc/£5i 5ICA 1 O s =»- h*rfrv\ 
1 0^7^7 7^ S i co#gK5r=i- h-fSo fy 

fwl&2 0 mtf>&&ifcRlflfc3 0 m&ntfiS.APiitm 

[0 10 1] *«W«?JB2 0HJt©JBlBlcj:oT»e>ii 

aSM©*^--CI43ta*CWl 2 0 mWX'&mWtfcm *)<D 
mM$Lg:7 8 5 nmiWbtllt. <*e>K, 0 1 5 
ct5l::#HMtS£7 CC, ftffi^CWl 5 0mWT*5, 
0 0 0 ^IB£Jl±^^^f^» L. fttttffcftflMtSKiflSia;*: 

[0 10 2] **W^*2 0>*llW>«»cJ:$¥*fci' 

[0103] #389!tf>i!{ji#8:K*i-J: 5 fc, Mil 
[0104] *««rt»«)««l**ffi{=?g)«i-<5 

*/U=5f— £3 k e VifliSW ^-^m^/W^f— (CjJ0i£L 
X4*>mtt-f 5&®/$Sfc5„ *0>*ft\ 2*^— ©fit 

5. 

[0105] sfc, jg2onjte(o^«8-ei±, »(*>mto 

Tifi^fc. -C^Tv/* MKJMWi'f 
Bi:7 p 7X-x'CVD^BicioV>TtjP«ic, -f^lfc 

[0106] H2<D*mnmwitii#i&#mwi& 



(11) 

^0 

[0107] m 2 cD^jgcD^ts-m. *s§sagB 

**^£ffi+4J§(ctettH-.5r 
so-c, 8H4Ji«>JMWM>'<>' K*-r ??a>W*tr1EJI 

[0 10 8] »^ 

5 um£kTX'hZ> 0 BIS^O. 5 // mi *) *V 

[0109] *jt. g 2 (o^m^mmx-n. &£&«ss 
wm^aAKihji 2 1 5oft$«t]ftfiJC2 1 3 <oft 

#*T©flH9Ui«tt-eifc<, fctft 

K±®2 1 5 2 13J:t) t*<R*LT, *S 

[0 110] « 2 <OHJ£<D1jJ§t?I4, *SSgCD(^ 

0. 2yraJ:9+»j|V^GaXll Rt/, A s <Dmtm 

[0111] [itlfeM 3 ] iti&m 3 t LT, ^SflrtSC 
©pIGa As§ii2 0 7«BK<f Jf-^ftS&ilfc*? 
SrH*tLfc*»c, 04 (d) ro^i/N-^BIwgimfrffi 
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2 2 3SrJKj*i-5Xe**ttbTRTA4r^5Kiff*ft 

ami 6ic^i-«t9ic x sijtifiirot, ^m^cw 

15 0 mWlCfcl 11 "C 1 , 0 0 0 B#fg|§& TlbfEBgE^if 

[0112] im3(onm<r>&ffl 0 5i± x *&m<z>m 

#rS0T-$>-5„ S5tC*Jt>T, 15 (a) l±3fefcB£fffiffi 
«r£tf:&«0, 125 (b) {±0 5 (a) ©Ia-IaH 
(CjiSltSttttllOVrEB. 05 (c) (±05 (a) ©I 
b- I b*£*ittSJIJ*#l40fffiB|-C*>S. 
[0 113] Sfc, 3 0 1 liniG a A s WSl. 302 
l±nlA 1 x3 G a i_ x3 A s (x3(±0±i?^ 1«T) 
KflK 3 0 3li/<!)7lSU!^i;H^S 

6#lif#Ffttti (MQWjSttI) . 3 04«pS 
A 1 x3 G a !- x3 A s|2^7y Kg, 3 0 5 14 p IG a 
A sxyfy/^ h yZfMs 3 0 6 tt&m&jjftlZ. y y 
v 7 * VyJ-rfrhtiiZ p®A 1 x3 Ga !_ x3 A s^3 ^ 7 
y Ki, SOTBpiGaAsSIl, 3 0 8 f± V y 'J 

* h74v*frbti:5 plA 1 x3 G a !- x3 A s W, 3 * 7 y 
KSC0ffiJffi4:a«>iitf«lC^$ixfcnMA 1 y3 G a 
l-y3As (y3l±0^±, 1 UT) «8ScfflJhJf. 3 09 
liplGaAs¥t^i, 310liplGaAs=>? 

* h«, 3 1 ll±pfflj«fil, 3 1 2l±nffl«fi|-r-fo5 <> 
p IG a A s &mm 3 0 7Off^F *SftI^iSIi5§M 

[0 114] #Itf#Ffitti (MQWgft 

Jf) 3 0 3tt» JRHWE3 1 3 4:rt««*3 1 4i*>fej« 
^®«3 1 Sli/^K^+y/iirt^S 1 4<D 

4 (± u— f^SSSr^-rS fc *<75fiJ#^*-r S 
-5 0 3 1 5IJplGaAsMl307±tf^Jftfc 
nlA 1 y3 G a i- y3 A s «SEaAB5JbS, 3 16lipS 
A 1 x3 G a x- x3 A sf3^7yKS3 06tp IG a A 
s «SI 3 0 7 y y ^ h 7-f /f*>5„ £ 

it, «T©»iaB5r«fc-CIM]r5«fc5fc, :©«3 1 

3i±, m2mmm<D&m]§3 0 7wmmj:rm->iti* 

[0115] #»ip]©ff3©*;tt<0#JBiwH*.5*Mlfls 

f— !f a^f-OWfcfrifcfrBI 6 lca<5^Tt&9!i- £„ n I 
GaAsl«301±lC, 1 0 S ©^fiJ&JBfltfSfifcg 
(MOCVD) fel:tnSA 1 x3 G a !- x3 A s^l * 7 
5/KS3 0 2. 7 > K— 7°MQWSttS 3 0 3 , plA 
1 x3G a i- x3 A s!277?Ki3 04, p M*- V ^> 
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hyTlf 3 0 5, pSAl x3 G ai - x3 Asm3^7 
7K13 0 6, plGaAs 3 0 7 Sr. Ki&J- f 

**v'-\r/W&ft&-ti-t\ DH£ = ^--H#5 (06 
(a) ) o 

[0116] ^fim£flfff«(0 pSGaAs «SJI 
3 0 7OW;, 7 , 7XvCVDSt7tH)yy77 

5 0 u mCDX h itMf&SS i N t i* 

( t 1 l±4/3i£^»H^ m£0. 5/im)32l£ 

f&<7> 1 2 0 0 /! m t Lfc (0 6 ( b ) ) . 

[0117] m^. #&#fimnm<r>pmG a a s &m 
■ 3 o 7«i(^^i^— mm\c % -f^-vfk^ttfc^s 2 

X (Ar) ^^-^tSf* (O) 4Jr^<n>m&4ir)sjS* 
£rfflV\ •I'tyx^^-IrS 0 0 e Vi Ltlfofc, 
4-*^mM\Z\%-y°yX^C VDgtifflV^fe. (0 6 

(c) ) o -Ttyi^/^-|i/7XvC V Dgt©*f 
I^Ji-S««WiCW^rLfc«ffii:»«StLV\ 
20 [0 118] r?X-r*jgv%T-f:*l'JSJttfc*To-C^S 

yt«>, S i N t iUl3 2 i ic«bn-cv^xv^*«»rt«« 

AfccDplGa Asffiii3 0 7f±B&0. 1 ,i mg^ s> 
V^^iXTto *fi«8SEi£&^*<7>&it#ffi3 2 1©* 

«SJl3 0 7<O*BlC. 7 , 7X-7CVDSI:it)S iN 
t2J»3 2 3 (t 2(±4/3i£^<75^, J¥£0. 2 n 
m) ZMfStfrZ (0 6 (d) ) „ 
10 119] W;, RTAjfeKiSifeltioT, S 
i N tl ^3 2 1 iffTcDMQWSttStfV^K^-rs'ZrriS 

3 1 3SrfMti. r©^(7)f^«ig^l±6 

o »-c£»a» e> 9 5 o "C * -eu-a $ *sM$n#Fpg 8 

O^-effofc, ilti3 0 3lC^t^3 1 3 

irt«««3 1 4 *##S*#fiK»J«3*ifc ( (06 

(e) ) o 

[0120] &tC, p IG a A s 3 0 7 ©Affile 

ML.fcKl*K3 2 i i 3 2 3^L, W&oy it 
Y y y7'77^-fiM^tplG aAs^I@30 
7±IC [0 11] *[6](C#U!7h^. 1-7^7^^ h 

40 3 2 4£ff2j£u m%<o^ v&mzm\>* 

X, pm^-y^y?* h77i3 0 5»cSJ^+5=tp(C 
plGaAs 3 0 7 tplAl x3 G a !- x3 A s ^ 

3^77KS306Sr [011] JfrfafcfttWfc 3 M mi|f 

<0^h7^ y y ^ 3 1 6 »CiDXi"-5 (0 6 

(f) ) . 

[0121] fc\Z, p IG a A s %nm 3 0 7 XIC^fiK 
^tLfc^ hy^y^<DUi^^ V-?*? 3 2 4Srl^*L. 
2(H]ecOMOCVD&{Cj;oT, plGaAs$gi3 
0 7 i plA 1 x3 G a i-, 3 AsS3 7 7 y K13 0 6 ?5» 
so 6^5 !J 7-^ h7>f 73 1 6©IilrnlA 1 y3 G a 
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!- y3 A s *»fl-ltJf 3 08 iplGaAs WmtM 3 0 
9 T-if&iAtf (0 6 (g) ) „ 
[0122] m%<oy* h U y/77^-gMl> 
t» U y -^3 1 6 OfflSBIw^SixfcpMG a A s¥fi 
(U30 9, y s/^3 1 6±l:ifMJilfcpiG 

a A s^afbS 3 0 9 id, (|5 0^mOXh7'frttO 

1 3 a_h<D piGaAs <fcffJI 3 0 7 ©I*«5*fiSrt 
gECDpSG a A s {*H^f 3 0 7 <£>J9*«fc •) £5. 
trt. plGaAsfifti3 0 9»tiii!4 

*<0&£*3mcl,X. f.I«I±ff)plGaAs 
¥tt{t:JI 3 0 9<O^Uiy^ h U -tixUW^ 

h-r^i? 3 2 5 BUR SEW n MA l y 3G a \- y 3A s m^Pl 
£i3 0 8 tpiGaAs ¥fi(fcS 3 0 9 &i8fttt£l& 
(06 (h) ) . 

[0 12 3] pSGaAsTOti30 9 ±lZ.ffiJfi£3iX 
feUi^ 3 2 5£rf&*U 3@@©MOCVD 

ftfpiGaAs =>^^ hS3 1 0£JFM1-5„ #16 
S§iSffii£^tCI±y ?'^3 16 <7)±*jcmiSitPfl.lh@ 3 0 8 
tPNflCffM^ixfcnSA 1 y3 G a !- y3 A s mSftaAK 
JtS 3 1 5*«J»J*S*l5 (16 ( i ) ) . 

[0124] £ fete, -hffil-tt p 311, Tffif-fi 
nfli3 1 2Sr^i-5, *Lt, 5 0 mi|>I(Dm»fDi£ 

*rrS#«S*ie©R*t*j6* 1 2 %|:45i 5 l-A 1 O 
s=i-b&tf.\ R*f«©*S»«ffiiCiiK»*^9 5 

%ic^5>j:9tcA i Ostr^r^s i n^mmz 

= -h-T5o fs'T'li^ULt, ft£ 6 0 0 ^mCDifcS 
^<7)3tmW*SSFBt-IH&2 5 /i mO&flWt. 5 n 

[0125] *&w<r>mz<r>'Mmmm\zm-fz> : tmvf- 

if^-Cfi, TtW^cwi 2 o mw-cs*^r^ii •? <r>& 

g?&*7 8 5 nm^^CtLfc,, $ <blC, #H*i&A 7 0 
t\ fttHTJCWl 5 OmWT'5, 0 0 0 ffSffiW-h^lC 

[0 12 6] *«W<0»3Ol«tfl5»l|-Ci4, 

T. ««Jl*ffi©3tyf->^t + S. r<77&flB3?ffi<7) 
^y^v^tciij, Sffiictt* LfciSSMfc, Sffigtftai 

m<»m&!K.tih$Li$.i>mmziriZo ^nm&km-RT a 



24 

MGaAs S«^rS)lcte«t LTffiteB fc*SU*ft.-*-S C 

* -r y Sr Kit-f S r. i fl* t # 5> . 
[0 12 7] *7Sl, * 3 <D|5ltro»jli-CMi, «fli£flLk 
©SS13 0 7©ff$##fiSrt«<D«Wi3 0 7<7>J? 

m^aAES±«S3 i 5 SrJgJSrofcJtxD-r** 

So 

[0128] as 3 <omM<oi&n-Qi*. -<*>mtt 

[0129] [fl 4 w^lJfeco^ffi] H 7 fi, :£3&9!rojfS 

WrB5H-C*>5. IH7Jct5V>-C > H7 (a) ItfttbttSSB 
^-^tfMftHs 1217 (b) 1*1217 (a) (D I a- I aft 
IC*JltS*S[K«7)»fB0. 12 7 (c) (±1217 (a) W I 
b - I b*.cj3tt5Ji»*lflI©WBBlT*>5. 
[0 13 0] *fc, 4 0 HinSGaAsSft, 4 0 2 
l±nSJAl x4 Gai- x4 As ( x 4 l±0 «fc •? 1£J(T) 

asi^y y ks, 4 o 3i*/<v rmRwy^/i'mtf&K 

5£ffi**#Fffi14« (MQWgftl) , 404li P S 
A 1 x4 G a i- x4 A s MS 2 ^ 7 y KJf . 4 0 5lip y 
fy^h^m 4 0 6(±#SSS^|pJ.cy yS?Jo l>7 
-<7'A>f>)!c5pSA 1 ^Ga^AsfSS^^y Ki, 
4 0 7f±p®G a A si^HS, 4 0 813^5/^*1*7^ 
/K^ipSA 1 ^Gai-^AsaSSiT^y KSWffiJ 
ESrffiftiitffl6^J*$nfc n MA 1 y4 G a i_ y4 A s 
(y4liOW±> fl^P&ltJf, 4 0 9liplG 

aAsfSfti, 410lipiGaAs3>'??H 1 
4 11l±pffll«ffi, 4 1 2(±n{B!ieffi T C&5o plGa 
A s 4 o 7 <o«&tf#&8M.Si&fttM.ro£d<# 

[oi3i] g-mm+jtFm&m (mqwiss 

g) 4 0 3 tt, &ffl«U 1 3 i:rtSP®« (Stt^t fc 
V^9) 4 1 4 t^Pjfifet). ^ffi«4 1 3f±^V K=¥i- y 
r*Srt»**4 1 4(73/<^K=¥+y7 6 iU tTCf 

(*3SB®*4 1 4J4U— if^S^Hm-rSfc^W 
*U#*r*i-5««-C*>5. 4 15lipSGaAsffiSI 
4 0 7±lC»ja**xfcnSA 1 y4 G a 1 _ y4 A s mSSffiA 
BSJtg, 4 16lipiAl x4 Ga !_ x4 A s % 3 * 7 y Y 
1406 tpSG a A s«SS4 0 7 fabttZ 'J vis* 
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[0132] *&w<o$&4<omm<ommizta-tz*m# 
y 4i 6<d* hy^rmK *sscorta5^«4 14© 

[0 13 3] *»Wo>«f4©3a(S©JKIBfcHi-5i|ti»fl: 

GaAsIfi40 lilcWft, 1 0 @ ro*«S&Jg^*§fi£ 
* (MOCVD) SCTnlA 1 x4 G a i- x4 A s f& 1 ? 
7yK84 0 2, / >'K-7 P MQWgt4ji4 0 3, pi 
A 1 x4 G a i- x4 A s 35 2 9 7 y h'M 4 0 4 , piGaA 
sx 5 -f>^F^i4 0 5 l plAl x4 Gai- x4 A 
sI3^7^K14 06, piGaAs t£3Jg 4 0 7^ 
if ^^r->-Y^ft$*T, DH?xA-5rf|5 (is 
(a) ) . 

[0134] #ig#!ii£ffi£<gfiIt£<D plGaAs {SSJf 
4 0 7rc>^SI", 7°7X-rCVDfet7^- h y y^y7-f 

-itlciot, y Yy-<yh^^^^\\z^4 
0iim©xh5^7"ttt, SlMT'feSS iO z3 l4 
2 1 ( z 3 B 2 ififf OHfc, ff£0. 5)im) 
3„ * Yv^y<0€ y*-B#«Sfta>B&2tt0>l 

6 0 0/imiLfc (118 (b) ) „ 
[0135] *«S§rtgEfttisE<£> plGaAsffii 

14 0 7ffl!|CD^ai^>— Affile. -r^Wb$tvfciST-4 2 

2©JH*t (i' *ff? 0 **9!<0ft4 0>Xit«> 

mm (n> Y*>^«rfflv\ -r^i^/u 

B 1 0 0 0 e VcO^frT'tTofc, -f ^VjfltlCB* 
/<y^*«*Tffll*fc (0 8 (c) ) o -f 

[0 13 6] ^^X-^^rfflVNT, -T^i-'fiaft&ffo-C^ 
3fc#>, S i O z3 l4 2 1 fcfl|feixTV^«:V>*a«rttt 
S«OplGaAsfti|4 0 7liO. l^mliyf 

#V\ ^fi««iEiS«MH«<0|»«^il4 2 lWSEffit. 

*«»rt»««©'<*>'BBitsnfcpa!G a a 8«BiJi 

4 0 7<£>3eEIC, ^V^jfejcJ; »? S i O z4 ^4 2 3 
(z4i±2iSfro^i: 1 J?£o. 3^m) Zftm-tz 

(08 (d) ) . 

[0 13 7]&i£, RTA (7fyKt-v/l/7^- 
A-) mzXZ&MmizXiX^ S i O z3 K4 2 l\g.T<D 

WStt^cO-''<>K^-r2/^ , <t'3 fc*#V**«#4 1 3£ 
ffM-f-So rro^W^S^B, 6 0S>T-^7i^fi 
ft9 5 0t£-C#Ml£-e\ 6 O^TtToTt. * 

<D£*, Utti4 0 3IC, mm&4 1 3 £rt8P£#4 1 

4 kti*m&%mz.mtiiztiiz ( (0 8 ( e ) ) . 

[0138] plGaAs 4 0 7 CD^EK 



(14) 

#J*L;fc««fttl4 2U4 2 3£&£U 
h y y^77^-af5rfflV^Tpi!Ga Astlg84 0 
7±IC [0 1 1] ^faKfttffc:* h7'f7*«Ol/^ h 
^? 4 2 4*»dlU jSHrwaLyf >^ft«SrfflV^ 
■C, p y h 77*1 4 0 5 Cilit 5 J: 9 IC 

pSGa A s{*aJ!4 0 7 tplA 1 x4 G a i- x4 A s % 

3 t ? y KS4 0 6 fc [011] *fl|£#t*fc2. 5 /i 
mi|ii(DX h7-1'7'^y yv'4 1 6|C7JDI-r5 0 i©t 

io i>. plxyf? h77'8^e>p$GaAsftafi4 0 
7tpSAlGaAs^7y Ki4 0 6^ftfcf^!*5 
JPV<7>T% §SI 4 0 7 i ^ 7 y Kf 4 0 6 Srftf xy 

SB«S«c«t t)l£< /«C^. (08 (£) ) . 
[0139] p %>G a A s &«Jf 40 7 ±lCj£/& 

^tvfc^. h7^7*DtO^ h^*;? 4 2 4^i±L.« 
2tHlS(DMOCVD&(wioT, plGaAsM§4 
07tp ® A 1 x4 G a i- x4 A s % 3 ? 7 KJ1 4 0 6 
20 y s>^4 1 6<OflH®£n®A 1 y4 G a i- y4 A s « 

sSPlltJf 4 0 8ipSGaAs W-i&teM 4 0 9 
tf (08 (g) ) . 

[oi4o] mi%<D-7* b v y^77^-gi?:ffl^t 

y s/^4 1 6(Dffl!|E(^fig$tufcpSGaAs3pa.fbe 

4 0 9.M, y^i'4 16±lcMJixfcpSGaA 
s¥&Yl:»4 0 9B, I6 0nm©xh7-I'7'^roi^i; 
^h-7^7 4 2 5SrffMt5. :oH, W4 13 
KfcflRji-S p 1G a A s 4 0 7 WJ»^AS*jg|f ft 
asroplGaAs(*H40 7 tDjf^J: U fcJ*< &-5„ 

so tr-e, p IG a A s 4 0 9 ^ffilCti^i 

iGaA s ^sibJf 4 o gw^-Sruv 5 ^ h-c*^— 
^gpfit^atisj-r 5 y yificfflauzG-tz v-v*. k-v 

**4 2 5£^fi£1-5 0 ii^Ois'^^^aaftCj; f5, 
Uv 5 * h-^^^ 4 2 5(£>gSqgtf(£>nMA l y4 G a i- y4 A 
s nm&±f§ 408ip IG a A s W-mtM 4 0 9 
ftffjK&Mri-S (0 8 (h) ) . 

[0 14 1] P SGaAs¥ : S{t:S4 0 9±^fi£$4x 
fcU-^ h^-^.^4 2 5£B&*U 3@@«MOCVD 
40 atpSGaAs=y^^M4 105:^t5. *S 
SMBEiE«fctt:!l r^4 1 6 cD±^tC«Mffl_lhg 4 0 8 
tl^^fM^ixfcnSA 1 y4 G a !- y4 A s m^aAB5 
lhg4 1 5j>Wf&£hZ (0 8 ( i ) ) „ 

[0 14 2] ±ilClipti4 11 1 Tffii^B 

n«S4 1 2Sr^-T5. 

[0143] 60|i mtfCimjSSaAKlhg. IP*? 

«fH«Oiiff«t'*i-^^ 7^7*7-1' ^SrAtuT, *SSS 

J&fficoslt^ri 5 1 2%(:/i5J;7l:A l O s =>— b&ft 
so S»ffll«>*SlgilfiffitCBS*t*j5 5 9 5%lc/i5i b 
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teA 1 O s i7^77^S i ©#«&&=- h-ts. 
8ra«Bte>»3 0 m©*ffl«fttr««EaAg&jkJi«r*b 
[0 14 4] *»W©JR4 0W6o»*fcBBi-5J) £ *# 

i»flcw— !F*^-CH:, TtttiTjCWl 2 0 mWffajt&ft 
aD<036«S[*7 8 5iim^»fe*bfc. £ fete, 
ffltfTO'C, JtHJACWlSOmWf 1 0 000W 

<ji,fe*tfca»ofc. 

[0 14 5] JR4©|«fc©»li©i|i«flcW— tfJTf-C 

«J:5t>JKv\ * h9^7'fB;6SJ£;v i >i:.x b 9^:/rtSlS© 
3fc***rfi*-C#5. lot, #38§l|Tfi, &tM£©* 

te$bte3a*wt?fct), *»flr)Wtrti±te*«i-c*>5. 
y tfmaw-s ©srKFJtt-5 r k as-e* 5. 

[0 14 6] *aHOJ64 0jtifeQ^ej:Mfaa\^ 

If 5 fflffli tr *»J*:/ a * * © f TMr/V- 7 T 9 V teSt 5t 
i-Srt*S-C#5 0 Sot, SJ3t^n-fe^©jS5^fb^ia 

[0147] [ft 5 ©3llfe©»«8] 0 9 tt, #3SW©JB 
5 ©3ll£©»«8tei8-t-5^»(*:w— rjfe^-©*iSS:^i- 
»fffi@T?*>S„ ®9te*JV^T, 129 (a) MttttiiltSgB 
fc-gftrffWBU 0 9 (b) itS 9 (a) ©I a - I aft 
tettltSWtt&ogrBBU 09 (c) 1*0 9 (a) ©I 
b - 1 bmte*rt5JMCSrfo©*rffiH"C*>$. 

[0 14 8] SOlltnlGaAsS^ 50 2 

(±nlAl x5 GaH5A8 (x5li0i9t IETF) 
»l^?yKl, 5 0 3 ti;< V * A41*SSEZ 

5#£*f-#F»tii« (MQWJS&J1) , 504dpi 
Alx5Gai- l5 Asf2^7yKI, 505ttplGa 

a s ^ yj-vtr* v v zrm, 5 0 6 ii*jis2fftte y y 

h9-f:/a>fe&5pMA l x5 G a i- x5 A s ft 3 y 9 
yK«, 5 0 7ttp§!GaAs{S:&Jf, 5 0 8tty?i? 

* N9^ ^fefcS plA l x 5Gai_ x5 A sft3y 9y 
KlO«ffi*:a*atnKte»J***b*:naA ly5G a 
l-y5As (y5tt0£li, 1 £*T) «^pUh«, 509 
ttpSGa As¥&ftdl* 510l±plGaAs=y? 

* hS, 5 1 lttpffiimffi, 5 1 2«n{Kim«-efo5 <> 
[0149] 513 tt#&3&ift®j&#©MQWS 

tt*©^^ K^-r y 7°;4S#g3gftglS©MQW?§*£S 5 0 
3©/<VK^yyj:!l fc:*:tVM&fg«, 5 14I1*S 
«©rt*B®«, 5 15liplGaAsftll50 7ilC 
^$nfcnSAly5Gai- y5 AsaffiaA65Jfc^, 5 



(15) 

1 6lipS!A l x5 Gai- x5 Asft3y 9y KJB 5 0 6 t 
plGaAs«ai5 0 7HiS5ys'^ l>9-f T'T 

[0150] hi ote*joto»«©i|y»#w— y*-?- 

©*®H«gBjfi»©fgffi«te*JW 5 , p MA l x5 G a 
l-x5 A s ft 3 y 9 y 5 0 6, plGaAsx^f-y 
y**hy:/S5 0 5, plAl^GaHsAsf 2^7 
v h'S 5 0 4, MQWft14Jf 5 0 3, nlA ] X 5G a 
l-x5A sf 1?75'K«502 tefclt 5 p 8PF*fi&-C*> 
io 5 1 Iilf (Zn) ©'FttttJff-T-afto^Sr^i". 
ft 1 HI g ©^ tf y *i/*r a-j£*&© Z nJ8«4>*i: R T 
A^©ZnS«^->ftjSr^-r. ft HUB ©at try" A- 
Jfcfi&tett, pl^7?' K«a>feS«UI~© Z nttfktt 
J5tA/if^V\ RTA«r*T5i, pi? 9 y K*»feStt 
Mtefeft-tSZ nS«li*7C3 X 1 c"cm-3^5. 
[0 15 1] rftte^fLT, Hi l te#Hi£©j£Jig©¥ 
*fltw— 9»*?-©*jHiort«MB*te*jrt*, piAi 

x5G a i- x 5 A s ft 3 y 9 y KJ1 5 0 6, plGaAsi 
yf^hy7l5 0 5, P S/Al x 5Gai- x5 As& 
20 2^7? KI504, MQWfift&JI 5 0 3, nlA^ 
Gai- x5 A sftl y 7V KS5 0 2te*5tt5pl! I 101 

(zn) ©^fMfcm^a*©^***^. mm* 

©3i f y df- *y * Aj&*^© Z n iRTAtWZ 
nSa^*Sr^-f-. ftllalBw^y^V-YA^i&te 
ii, pSiyyy K*3»b?S^~©z nttfctt«i A/t* 
RTA4r*f5t, pI?7yKi>?)»ttiCtt 
■f-5.Zn«AH:*7c8 X 1 0l7 C m-3-CS>5„ 
te, RTA«CpI?75' KId>?)ffittiWSt5Z 

n^aii, *ais«ffiia«©^«j; ►) t*®s©rt^ 

so ®^©^5^< &-d-CV>5. 

[0 15 2] #^©ft5©lli£©lMiteH?-*¥^# 
W-if^©S(it^ifeSrEll OteS^V^TSiW-f 5„ n 
IG a A s 5 0 1 ±teH?5c, IBS 4>*ntt6JMU§ 
Aft (MOCVD) ftl:tnIA l^G ai- x5 A s ftl 
y9yK®50 2, / ^ K w -7°MQWSttJS 50 3, p 
lAlj5GaH5Asf 2?7yK!5 0 4, plG a 
Asi5-fy^h 5 '7 , i5 0 5 > pHA l x 5Gai- x 5 
A sS3 y 9y KS 5 0 6, plGaAs^Hi507 
Sr^fydrV-t/V^ft^-^T, DH4r*/v-t#S (SI 

« 10(a)). 

[0153] #£# sffiffiiS^|B«© plGaAs «SS 
5 0 7©^ffite, 7"7X-7CVDfei:7*H)y^7 7 

-f-Si:±cx, y s-^ h9-Y^i:it$i-5^r»)te<i 

4 0 M m©y h 9-T 7"^te, Kmft:Kt?fe5 S i C z5 K 
52 1 (z 5t4 235&©H$!c, B?$0. 7 M m) 

**J, ^ K9^y©f y^tt*S«*i:I^CB&8 
OO^miU (HI 0 (b) ) . 
[0154] &te, *SISrtgi5®«© plGaAsM 

so 2©W (-f^Ji&at) Srffpo 05©jli6©^r 
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ft, Tfr*V (Ar) jxisuxbrnw -J*>mfti^ 

1 2 0 0 e V(D*#TfTofc«, <<*>m&t\C 
KM^ttAStllfcEV^fc (BIO (c) ) . 
[0155] W ^-^figttlCi 9, Si C z5 K 5 2 1 &B 
^TV7fcV->*S^rtSP^cDpS!G a A s 5 0 

7 HO. 2<uniyf-^Sftfc. ASJHNSi&eHftlfi 
OS i O z5 lg|5 2 1 <D3mt, 

M^llfeplGa A st^SIS 5 0 7<D*ffilc, 7°7X 
vCVDSti!) S i Nt3«5 2 3 (t3H4/33fi^ 
©H«, i¥$0. 3/im) (010 
(d) ) . 

[0 15 6] W:, RTA&ICjiSMAaiCfo-C* S 

1 O z5 ^5 2 1 £T©MQWg£Ji©>'<>' K** y7"# 
^SSrtftfRJK^MQWISHtJBO/O K=¥-r y 7"i 9 
**V*W5 13t»*t5. -©«*©*&*!«*#«: 

2 0fj>-?£ifta>bi&£9 5 Oti-Cftl^t, ft^M 
9 0f»-0fTofc. Stt®5 0 3lC, f&m®5 
1 3 £rt£flg#5 1 4 £a»#*»;frfofc7&*S;h.fc 

((110 (e) ) . 

[0 15 7] *fiHSBffiffi^«!«tfJ:*iit5«««T?li!» 
®S G&7--/W) t^tdS i C^gt5 2 1 ©;£##®gg 
©rtffiflWtfcSStt* S i Nt3K5 2 3i0pIGaAs 
0 7 0GaiS J FSr^*(-©i|R-f5<Dtf, 

7 y K«© M> h (Z n) ^?Lt^o#. S?L 
©1M YKZ ntfSA9> •*©*£*, pl^7yHIOZ 
n tt&H^©ftff^£i2tttt Uc < < *S (B 1 

1) o 

[0 15 8] rtUCttLT. SttJi©rt«B««fc»!(oi- 

co^«g i 4 ©^g# t mm, 

£ii,5©-?, pI??s/Kl©K-^h (Zn) 
ttJUBfc* 9 (012) . *©&*, ®tt 
**©Zn«gfi, #g«S8afc&«F©&ffi«J: •? t>#* 

£#©«gWST# 9 » <t 9 < S«ES:ftA-tS i fc 

[0 15 9] fcfc, plGaAsftfg5 0 7^Bt 
7*j*LfcR«{MJt5 2 1 t 5 2 3£|£3cU al?!f©7;*- 
h 9 y ^7 7 4 -ttff fcfl V*T plGaAs ftflMI 5 0 
7±\z [0 1 1] Y-yJ^tfSOloZ?* h 

t\ pli^fy^ byy;§5 0 5fcSH»f5J:5fc 
pSGaAs»Ii507ipSA I x5 G a i- x5 A s % 
3*7y KB5 0 6£^s>^>7*U [0 1 1 ] 



(16) 

#T*fc2. 5 mhhIS©^ h^-Cy^cD!; ?/i?5 1 6^7JD 
#S3i$&SEifi®^*£©#;&s*jgf&© 
rtS5fB*J: 9 t>, pSiyf^hs'T'ii^plGaA 
s 5 0 7 tplA l x5 G a i- x 5A s 9 9 y KJB 5 

0 6£"£#;tff£#J?:v>tf>-e, ffiSi5 0 7i>7y K 
15 0 6 Sr'fk^y^v^^J; 9^y^ L V7'SrJSL7ti: 
9 yv?5 1 6 ©fftt#3Hmfii&M*©2r#J£ 
<ft£ (SI 0 (f) ) „ 

[0 16 0] W:, p MG a A s {%SI1 5 0 7 ±.\zj&ffc 
io F7^7^0^ h-?X?5 2 4£Bfc*U 

2IaIiOMOCVDjfeJCj;oT, P lGaAsffill5 
0 7tpMAl x 5Gai- x5 As^3 77y KJ|S0 6^ 
bftZV y v>5 1 6©<Klffi£rnSA ^Gai-y^As® 
Wfijk/f 5 0 8tplGaAs ^PffiftJi 5 0 9 "CS^ji 
tf (01 0 (g) ) . 

[0161] rcDB^ AfijMliBiBfiFOAMB 1 3 © 

a:±© piG a a s vmm 507 ©v*tf#s8rt£*© 

pfGaAsMi5 0 7Of* < tnJf<'i5. -tw 
■C, PlGaAs 5 0 9*ItgiiS4t, 

20 ©&S£@I=PICLT, &fMcittJb©pMGa As^fi^ 
15 0 9©^SrW-^ U ZUxSW-OV y^ 

±3JcOU-v?x hBBPWSr'Ti-SV^ fvx^- 5 2 5 £r 
Mfi.1-Zo dl«0^y 1 7 c y^3K^i9, U-^K^ 
^5 2 5BPSfOnSA l y5 G a i-y5A s mJKPEjhjf 5 
08tpSGaAs ¥Sft:* 5 0 9 SrS^6<JlC^*-r5 
(01 0 (h) ) „ 

[0 16 2] pSGa As¥TO!5 0 9±\cm&£h, 
1tUi>* h^X7 5 2 5£&fc*U 30SCOMOCVD 
StpIGaAs3y^;?M510SrMt5 (01 

30 0 ( i ) ) „ 

[0 16 3] S^jr, ±ffi(-ttp®S5 1 i % Tmicti 
ntS5 12 Sr^-fS. 5 0^ mtlomSEa 

*r«-*-5*««*aiB©RJW** 1 2 J: 5 J- A 1 

O s 3~hSr=ffVN, S*tfl!l©*S|g^BtChtS^^j65 9 

5%^^5£5I-A1 OstT^e/vyr^S i©#«K 
Sr=«-h-t-5 0 ^yyi^WdLT, SS8 00 P m©* 
SIS©7tttJ*fffi!l«®gI5IC|ll&2 5 Mm©^|i«St^m«Ea 
40 A6&JtSSr^Lfc5ii^«g$;ft5. 

[0 16 4] *^W©m5©*JS©^«gJci8i-5^fr 

1*1'- Ifife^-CW:, Jtffl^CWl 2 0mWT^ii9 
©^Sffi« 7 8 5 nmtfs#i=>*l<fc. $ P>{C. #ffl5tmS 
7 CC, 7tW*CWl 5 0mWt?l 0 0 0 0Nfffi£J(±^ 

[0 16 5] ^5<D*JS©^flgJc|i-t-5^*W— !f?St 
^ttv fiHMIfOpS^MM (Zn) &ffi«.fc 
so 9 t^««©*i5#<3S:o-CV^5. ftftitttttfc 
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* 5. IRMaofi^WIQ'CAmiKO Z n*fcf§:*£:fl5!J» 

[0 16 7] £Lh«>#»W»lB9!lE*iV*Ttt, SttJbK 
A 1 G a A s *Wtt*jfc*Lfc»^fcov*T3fc'*fc]&*, 
*Jltt*fc* 7 5/ KJifcG a *r-^tr*m, «*.«G a A 

s£*R±(0A I Ga I nPJIWf, InPSffiifcllG 
a AsMiO I nG a A s fyr-fTSS 
XttS i S«, S i CSKlW I nG a A 1 NXtffHf 

[0 16 8] *^Wt?rt, LTM 

OCVDO^CoV^^fcjJS, WMCMBE 
(*mft If- A^tf , ALE CBWfaitr* 

, LPE (TSfflif^V-) fc.k5«.jMMr 

[0169] jwsw-ch:, stt«^#aa^#F 

St^T 3 ®©^ 2 0 nmUro^m^m LTfc 

ft £>©*&$;& &5V^tt#*7 7 KBtf&afc 

©«ftj*<DJi*»f>#^$ix5»^-l;:ov>TtjiSfflBrt6-c*> 

[0 17 0] *fc*»!flO«Mlil8V^THt, -#©4SiB 
[0 17 1] 

[^©^i*] &.±<o3:?\c^ *&m«>*mfrv~-*n 
ttxtiti* '>^<tts«±(^ x ss 1 3ims©ig i * 
7 v k«, e&j§, « 2 s»m§!©?g 2 * 7 v vm. *s 

2 SgmScom 3^7y 3 * 7 7 KJI©-tlctS: 



(17) 

tt-hfin, »«a© jg 2*77 kjmicer $ 

[0172]^t, rtSPfSJKlC*t[p]i-5||2^7S' K 
JHWitEK**ifciRBMI«>*ffilc-<*Wl:*iifc«-T* 

SfelCG a £7U>5 h 7 7:/£ftTrtgP®&~©G a QUO 
«**KiJfT**, ^^©^K^yTV^kSriS 
io jtTf &^©^K^+77°£rt^&®Bs© 

[0 17 3] ifcfc, *»W©^#^-1f3lW-fcJ:*b 
li> < k tSSLtfc. * 1 »«§!©& 1 9 7 7 K 
®, Sfl 2 *®S!©J|I 2 * 7 7 KJf , ft 

msftputs©*. h7-<7°^*DgiJ^aK^fcii2*m 

20 m<D% 3*77 YM. &S&3 9 9 7 K«<D±JC«lt t>ft 

so [0 1 7 4] ffiot, &S3g«EK8l&Lfcf£14JI<D& 
®*<0^^ K^f-v 77*^*?S14g©p i lgCfS3ig<O^V Kdf^ 

©^WS^F t 3la5^*^©7* h/w$^7*>-^O^ffl: 

[0 17 5] *3SKW^#U- 1f5fl^^«tn 

[0 1 7 6] i*fl^©^<DgSrBH]»cU-C^ 

[0 17 7] #»W©i|«*fl:w-lP**fcJ:H 
fis ^^©#g^7fft©«^ L wiilO^ m£A_h-e£> 

[0 1 7 8] ftoT, rt««*teftXSlXfc*^yT 
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[0179] tut, *&w<D*m#i'— 

#4 0 nm£iTTJ)5l!^i LTV^. 
[0 18 0] ftoT, ?&&II*©*®tgfflffiia#©?§te 

[0 18 1] #|g^¥^#W-1fSSH4c<t*- 
[0 18 2] S£oT, «SKaAE*±SSrfS:»t5r tlwi 

[0 18 3] Sfcs #^W©^#w-lFf*m£<fc;h, 

i* , m i »ss!cDmjfEaEAi»ihscD*«s*-i*)<oft £ l 

[0 18 4] ftoT, «^^BSjUI©:S £&&$?&© 
JhTt5<D-C\ &fg#©ffi^T-©*$mjft35£S:BJllfc 

[0 18 5] ^IHO^V- IfsSH^ift 

[0186] ^ct, &m$i<DX h 7 4 7*rtlS5©3fc&* 

[0 18 7] JfJtmckifr 

SttJiaMfcWKfcasrt* I I ^7c^<Djg«± *) A#vn« 

[0 18 8] {EcT, SttJUc&fcUi: I I 
ttJf<f©£?L©lM H£A?>©-?, fe&%.te<D&*k&&5 



(18) 

[0 18 9] r^ictn 
li> HulES««Ga A s-Cfet), itfilE4-)IW:G a A 1 A 

[0 19 0] ^o-C, S&to31f fc, #igSffiKi6#©!7 

£j£LfcG a £?LttA 1 G a A s * -CI4fe1S5£«a*«rfc 
io JtV\ Stt^-OGa^7Loi£«^i»J, 

tt±**5rt*S-C#5 0 r©<fc?fc:, AlGaAsSr 

[0 19 1] «WO!|S|#l/- ^^©aiig 

Kg, SttS, S& 2 2?7y KSSrH 
S-TSDHU'^^-^lSi:, KDH!7^-©m2 

[0192] fct> 12^7?' Klfl^ES^iifcM 

^Pfe^^a^tCGaffi^CO^^tCj:*), t7i/N-^ 
BK^j*Sixfc2J?L4rJi*b-C, Soffit* LTiSteJ! 

[0 19 3] *fc, *ISMOiN«*W— ^^©KjS* 
felC «ttt«, 12^7? K*©±«K JS 2 ^mM©«si 

[0 19 4]S§ot, DH!>*^-«[StC^Ste^x ^ 
[0 19 5] *38M©^3«*:u— !f*^-©M3t* 
[0 19 6] DH!>*/^*Wcft^L,7t^ 

LT, QH&nmGa A s SS^ffeH^itStbTSteSS: 
[0 19 7] **W©¥»flcu— !F3lH ! -0»fbSr 
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[0 19 9] *»M©2N»*u-1f*-T-otBft* 
[0 2 0 0] ^t, BtfcftlBISrigifl LT V*.^-<D& 

[020 1] *»W©i|£*i»:w-1f#^©«Jt*- 
mztftti, WIEj|l2©R«fW*r»J«L*:1lfcDH«? 

[0 2 0 2] lot, ^aia<0ffilCrt95^^*f|$] 
■f 5 D H £ » xN-^iB fcff J&£-*- £ Igfc^tf 

&&JgKJ:9W^lc£oT##KGa£ 

G a 3S?L*-H»li 6*. «fftt|tg± 

[0 2 0 3] *3B«<o^i»frv— !F*^roM3g* 
SsJCiJUf, KrjE02WSim«:BISr^i-5i:l^l^fcfI 
ffi^a^N— B©JRl©lt«fWIIfc7£j*L;fcfllte-< tf-Vfls 

[02 04] «oT, If! 2 * ? y K*«fcBRS*LfcJi 

tSISi, S&2cD^m#&<DS®* l>--Vj/SrfT5 

[0 2 0 5] !P*^©JB!D6r 
[020 6] ^ot> ^^-iSffittigKo^jgji^pfe 

[0 2 0 7] #f§W<D^#V~ 

[0 20 8] «oT, 12^75- KSlBS<cElS$ixfc^ 



(19) 

36 

[0 2 0 9] *»«©4i«i*^- mr-owBcep 

00 0eV£TFiU J:t)#£L<tt5 0 0 e V£Lh, 

1 5 0 0 e VgTFi: LfcHtfifci LT^5„ 

[0 2 10] fet, -fJfrWfcSftfcJK^iWSEififffl 

[0 2 11] !P3H^-©»3ft* 
[0 2 12] t£oT, ^t>^/V^-RW*y©t 

[0 2i3] ^jsMc^ffwifjiw-waas* 

[0 2 14] Set, r*ife©stll«:flyB-f-**, 

so DHpavN— *ffi<D^^^Pfe^fi:ccifiJ^!7)S-5IlBT*)5 

y WH*i-5 r. £ as-ct s„ 

[0 2i5] *ft, *»BoiMr#i/- fm^tDMrnx 
40 [0216] ^ox, >r^-v3i^7v^— <Dn^mt^ 

Wtg-efc^oTGaSTL©^*, fcitFJIt>»Jtti-e#, 

[0 2 17] *5IM©iN|{*W— !f*^-©»Jfcjr 
[0 2 18] ^oT, ^tyl«iitfl:l<0^^ 
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[0 2 19] £fc, *?fflO^W- tF^^<0®15g* 
feKitWi, ^m^ailS iJK^&^tf, SiQ, S 
iNj, SiO y N x «RU yliiE©0ltSc) J; ►> ft 

[0 2 2 0] S£oT, ^a^^^^^-^BoGaiS 
*T#S#*ffiifi«*tf ©#»&**«***& £ fc 
[02 2 1] £fc, **WO*J»ff fSJ^cfBS* 

[0222] ft-o-c, mtmmz.&nftmt 
a* ©*swr*©*^k: j: *> mti&ti&£.zz> r. t 

[0 2 2 3] wnottttw y^wieet* 

Sc»cJ:*ttf, «WBJS2O»«ft:KoJ¥*M:0. S »m£X 

[0 2 2 4] fot, «W^T^r«3Sao«:Ht«!fl| 
JS(c*fU+^ftV>fc*tC, *l4Ji~©$3Lifclfc«:KUh 

[0 2 2 5] Ifcfc, *»W©i|iJ»ffV- tf*-?-©SJfcfr 

Sctiixtf, $ i (Dffimftm i » 2 ©^m^si t tim^ 

[0 2 2 6]tot> #S#SSffiifi#i:#S*l*iSB©* 

^•5©-?, !fc^fc±5*g««ffi£#Jg#i*iSp-c©*!i 
#5 r 5. 

[0 2 2 7] *&WO*m#l'— ftttoW&S 
8rK:J:jxf£, Sgl©ftS#BI©;f:££d 1, S&2©^« 
#BI©J¥£«rd 2 if 5^ dUd2, feSNffiKfc 

[0228] ceo-c, &&$£mw&®<Dmnfrm<Dtm 

aWV^ £££«£»), ^ax^firo^Sr^X^, * 
®#©^K=¥^s/:/©ti*$:{EitT-#.5 0 R«HC» # 



(20) 

38 

*«*rt»©fiH4Ji©rt««fc©'<>' K** vHm* 
[0 2 2 9] **9i©JMW*:u— y*-?©*3S* 

&ie:«fc*ur, i»ittDH!>iA- ©fiymgass o o 
■csjub, ^m**-e©iaa[±#NFPflisi o oiwtt- 

[ 0 2 3 0] Sfeo-C, #Jg#«8ffiifi#©Sim#:]RfcG a 
fc, *S*f*3«C©K-/-«:^h©*£«SrgSJi:T?t, K— ^ 

20 [0ffi©fffii|i&f&91] 

[mi] *&&<Dfgi<Dmm<ommz.&-rz¥mi*i'- 
-f^^©«issr^-r^fffi!a-efc5. 

[02] *^©01©jli£©^fl8{c|i-r5#a|#:^- 

[0 3] *»W©*2©Hflt©»*KBBi-5*5»fl:w— 
**?-©*Sft«:S?-»iIiB-e*>5. 
[04] #3§w©SR2©3ijfe©^ffiU£§8f s^frv- 
[05] #3§K©Jil3©||;te©^f§^§|f 

30 if^^ro«3S^^-f»Tffiia-e$)5o 

[06] *«91©£ 3 ©^©TgftfcH-f-S 
1f*^-©S4ifefrifeSrRMi-5H-eas>5. 

[07] *»W©JH4©|tl6©»lifcBW-5**#u- 
if^^©«it*^-rSrBia-Cfe5o 

[H8] *^Wro^4©H16©^(c|li-6^ft:w- 
■^•^©MifDtrifeSrRWi-S 5„ 

IE 9] *^W©m5©^16©^liHciii-5^«:v — 
-f^^©«3fi^^-r^fffi®t?S>5. 

[HI 0] *89I©£5©Jtttro&tt£H1-S¥*itU' 
40 -if^^-©Sijt*)5feSrSft|gi-5iat?J55. 

[011] *3SW©fg5©|l!S©7^1«t-B8-t-5^tt:w 

[012] *3!^©^5©*iS©^fig{Ci|-t-5^«:^ 
-If mi- ©F*lSI$SW£© p S!7F*ie^JS^««^0-Cfc 

[013] *|g^©^l©lim©^©^»«:u— 
^©jfeffl^WJc*hr5K»mdE©^Sr^®Tfc5o 
[014] *!6K©m2©ltt4^J©^«:w— !f^© 

so [015] #389fJ©gS2 ©^Jg©7^fil©^^ U— ¥M 



4* S3 2002-941 79 (P2002-941 79A) 



39 

mi 7] ftwiv*mfti'--y : m z ?-om&z^i-mm 

[018] ft*M(D¥mfrU~ ?%1-<DW&sm*im 
t^-f-WlftW] 

101, 201. 301, 401, 501, 1 00 1 ■ 
■ • nSSS 

1 0 2, 2 02, 3 0 2, 4 0 2, 50 2, 1 00 2- 
• • nIIH5y Vm 

1 0 3, 20 3. 3 0 3, 4 0 3, 50 3, 1 00 3 • 

104, 204, 304, 404, 504 - • • 

105, 205, 305, 405, 505 - • • pii 

106, 206, 306, 406, 506 - • • 

3^7-7 vm 

107, 207, 307, 407, 507 - • • p 

mm 

108, 208, 308, 408, 508 - • • n®« 

109, 209, 309, 409, 509 • • • p MW- 

mm 

110, 210, 310, 410, 510, 1 005- 



(21) 

40 

111, 211, 311, 411, 511, 1 00 9 - 

• • pwnm 

112, 212, 312, 412, 512, 1 0 0 8 - 

113, 213, 313, 413, 513, 1003b 
•• • 

1 1 4, 2 1 4, 3 1 4, 4 1 4, 5 1 4, 1 0 0 3 a 

• • • ftumm {fttmm) 

io 1 1 5, 2 1 5, 3 1 5, 4 1 5, 5 1 5 • 

116, 216, 316, 416, 5 1 6 • • • J) y*S 

1 0 0 6- • • £?Li£®c«« 
1 0 0 7- • • h>&Affl$ 
1 0 2 0- • • *SH«gffi 

121, 221, 321, 421, 521, 1 0 1 0 - 

10 10a- • • X h7<fyVtma& 
20 122, 222, 322, 422, 522 - • • -f 

223, 323, 423, 523 - • • 

123, 224, 324, 424, 5 2 4 • ♦ • V yi? 

124, 225, 325, 425, 525, 1 0 1 1 • 



[02] 
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mi] [03] 




[041 




ft IB 2002 -94 1 7 9 (P2002 -94 1 79 A) 



(23) 



[05] [07} 




me] 
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ms) 
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(25) 



[HI 0] 




imi 3] 

£BSUaft70°C. tt£ii*CW120mW 




O 1000 2000 3000 4000 5000 
5t*TBSfffl(h) 



[HI 4] 




0 1000 2000 3000 4000 5000 



II 5] 



J?Hfil)afi70^> *fetti*3CVV150mW 



300 
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& 100 
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[SI 6] 
J?@»iSJ&70°C, ^ai^JCW150mW 
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#112002-94179 (P2002-941 79A) 



(26) 



[H17] [0181 




(72)%W# JHF W- 



F*— 5F073 AA09 AA13 AA45 AA51 AA53 
AA74 AA83 AA87 CA05 DA16 
DA35 



